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ELECTRON MICROSCOPY OF THE SICKLING PROCESS^'
J O H N W . R E B U C K , Ph.D., M . D . , *
R U T H M . STURROCK, M.S.,*
RAYMOND W . MONTO,

and

M.D.j

Direct visualization of corpuscular aggregation of H b . in the sickling process
was attained by modification of the Beck-Hertz technic which put the sickling
process into slow action.i Formalin fixation at successvie times arrested the
sickling process at many stages in the transformation of biconcave disc to sickle
cells. Three patients with sickle cell anemia, five with sickling trait and one with
Hemogloblin C anemia were so studied.
a. Hemoglobin aggregation (Paracrystallization)^

i

After 15 minutes of anoxia, peripheral aggregation of hemoglobin effected an
increase in diameter of promeniscocytes over that of the normal, with focal thinning
of the disc allowing passage of electrons. This thinning eventually included the
entire corpuscular center. I n the thinned center, even upon immediate fixation,
anisotropoid angulation of central aggregates of hemoglobin was detectable.
When aggregation of hemoglobin about the entire corpuscular rim was accompanied by peripheral angulation of the hemoglobin aggregates, the holly-wreath
form of Sherman^ appeared. I f aggregation of hemoglobin about the corpuscular
rim was incomplete at a single locus, an appearance of pseudo-rim-rupture was
obtained, an uncommon finding in our material. More often there was an irregular
aggregation of hemoglobin in one side of the cell (Fig. 1) so that at five hours of
anoxia, the eccentric, hemoglobin-containing intracorpuscular masses presented
intense peripheral spiculation suggestive of incipient crystallization or paracrystallization. This eccentric massing of the hemoglobin offering labile, but
definite angulation was the key to the sickling process. The hemoglobin concentration of the normal erythrocyte is on the threshold of gelation'* and the reduced, sickle cell hemoglobin is only one-hundredth as soluble as normal oxyhemoglobin.5 I t is therefore not surprising that the defective hemoglobin molecules of the sickle cell, when reduced, because of their increased complementariness (as proposed by Pauling and his associates^), are capable of entering into long
chain and three-dimensional frameworks whose structural patterns are depicted
in Fig. 3. Complete sickling of the sickle-cell-anemia cells eventuated in intense
polar filamentation in which hemoglobin and surface ultrastructure both played
important roles.
Polar filamentation was inconspicuous in the sickling-trait
cells and occupied an intermediate position in Hemoglobin C anemia sickling.
Examination of the sickling process in the sickling-trait cells revealed that in the
important, early, eccentric massing of hemoglobin aggregates, there was less
spiculation or angulation of these aggregates, a finding which confirmed the ob''Dept. of Laboratories.
fDept. of Medicine.
a) with the technical assistance of Miss E. A. Monaghan.
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servation of Pauling and his associates^ that such cells possess an admixture of
defective and normal hemoglobin.
b. Tactoid formation, modification by surface ultrastructure.'^
Harris^ proposed that sickle cells are merely hemoglobin tactoids, a type of
fusiform, liquid crystal, thinly veiled by the erythrocytic membrane. Electron
micrographs of sickle cells which were also fully developed tactoids were next
studied. (Figs. 2 and 4.) Essentially, the spindle-shape of the tactoid is the resultant of the force of surface tension which tends to make i t a sphere and those of
orientation potentials tending towards formation of a needle-like crystal at either
end. The sites of bipolar filamentation of some of the extraneous membrane
were at the very regions where the forces of crystallization were most exerted.
I n 1930 Graham and McCarty^ reported a case in which all the sickle cells were
needles. More often, however, sickle cells are sickle-shaped because of the distortion curvature impressed upon the otherwise fusiform tactoid by the forces
inherent within the still intact portions of the surface ultrastructure.
c. Enhancement of the sickling process by injury to the surface ultrastructure.1"
I f the intermolecular forces of the surface ultrastructure could be weakened
during the sickling process, not only would sickling be accelerated but hemoglobin aggregation within the corpuscle could proceed with a minimum of membranous impedance. Sydenstricker and his associatesi^ in 1923 had found that
bile and bile salts accelerated the sickling process. We confirmed their findings
for Na glycocholate and found in addition that soap is almost equally effective
as a sickling accelerator. Indeed, weakening of the surface ultrastructure with
such surface active agents permitted almost free play to the opposing forces of
hemoglobin orientation potentials tending to crystal formation and produced,
as a result, monstrous elongated forms.
When such damage to the surface
ultrastructure exceeded a certain point, focal hemoglobin aggregation occurred
along the entire length of the structure in the place of accentuated tactoid
formation.
d. Tridimensional nature of the sickling process.
Dual studies of anemia sickle cells were made as follows: Direct micrographs
of individual sickle cells in all stages from promeniscocyte to completely sickled
forms were made with the electron microscope. Each cell was then removed
from the microscope, shadow-cast with chromium and tridimensional micrographs
of the same cells were again obtained in the electron microscope for comparison.
Eccentric massing of corpuscular aggregates was manifest at promeniscocytic
stages previously dismissed as being merely macrocytic. Bar-like massing of the
hemoglobin was confirmed tridimensionally. The bizarre outcroppings of completely sickled cells were studied from the standpoint of constituent, aggregational elevations.
SUMMARY
The electron microscopy of the sickling process was studied in the erythrocytes
obtained from three patients with sickle cell anemia, five with sickling trait and

one with Hemoglobin C anemia. Massing of the hemoglobin accompanied by
angulation of the hemoglobin aggregates appeared to be the primary structural
abnormality. Tactoid formation together with its modification by changes in
the surface ultrastructure was further investigated. The tridimensional nature
of the process was observed after shadow-casting with chromium.
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Fig. 1—Early sickling. RBC in sickle cell anemia. Eccentric
massing of Hb with beginning peripheral angulation. Formalin fixation. X 5300.
Fig. 2—Early sickling. RBC in sickle cell anemia. Beginning
tactoid formation. Formalin fixation, x 5300.
Fig. 3—Late sickling. RBC in sickle cell anemia. Peripheral
angulation and filamentation. Formalin fixation x5300.
Fig. 4—Late sickling. RBC in sickle cell anemia. Tactoid
formation with modifying surface structure.
Formalin
fixation x 5300.
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